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Introduction
The Carpathian Mountains represent Europe's largest continuous forest ecosystem supporting the natural biodiversity. This region has a large proportion of rare and endemic species and is biodiversity hotspot (CEI, 2001; Bálint et al., 2011) . Altitudinal variation, the diversity of microclimates and geologic substrates presented by the mountainous terrain have led to an extraordinary range of habitats and species. Approximately 2,000 plant species are catalogued from the Ukrainian Carpathians, representing more than 40% of the flora of Ukraine. Almost 20% of Ukraine's forests are located in the Carpathian Mountains. The native forests include Fagus sylvatica, Abies alba, Picea abies, Acer platanoides, A. pseudoplatanus, Carpinus betulus, Fraxinus excelsior, Quercus robur, Q. petraea, Tilia cordata, T. platyphyllos, Ulmus glabra (Standovar, Kenderes, 2003; USAID, 2001) .
However, human activities and irrational logging have caused a substantial damage to the Carpathian forests. Long periods of forest exploitation have led to rapid conversion of forest into settlements, farmlands, industrial-mining sites and infrastructure. Large areas of forest were cut down, leading to ecosystem fragmentation. Furthermore, artificial spruce monoculture was established in beech forest zone. The monoculture caused massive loss of spruce and forest degradation due to its lesser resistance to pests, diseases and windfalls (Kalutsky, 2008; Krynytsky, Kramarets, 2009; Usckiy, 2010) . The forests were clearly overexploited during the Soviet Union period, with annual production of the timber -as much as 38.0 million tones -considered to be unsustainable by the WWF (Bennett, 2000) . During transition period, the main problem was illegal logging. Legal and illegal extraction of forest products, both wood and non-timber products, have become a vital source of income and subsistence for local people (Bihun, 2005) . The development of main railways had additional consequences for biodiversity because it facilitated introduction of alien species into native habitats (Turnock, 2002) . On the other hand, strengthening of industrialisation and urbanisation processes caused farmland abandonment. Abandoned farmlands may revert back to forests (Kuemmerle et al., 2008; Rudel et al., 2005) and this process may also allow forest biodiversity to recover (Bowen et al., 2007; Chazdon, 2008) .
In this article, we consider ecosystem changes along the altitude gradient caused by anthropogenic disturbances. The aim of this study is to assess different types of anthropogenic pressure on mountain ecosystems based on comparison of species composition, species richness and ecological indicator values of 12 ecological factors in natural, semi-natural, degraded and ruderal ecosystems in different altitude zones.
Objects and methods

Study region
The study area is situated in Latorica river basin from 48. 360N-22.590E to 48.750N-23 .170E (coordinates in decimal degree) located in the Eastern Carpathian Mountains, Transcarpathian region of Western Ukraine (Fig. 1) . Its source is near the village Latirka in the Ukrainian Carpathians. It flows from Ukraine (156.6 km) to Slovakia (31.4 km), 188 km in total. The whole catchment area of the river Latorica is 31,289 km 2 . The area is a typical mountain landscape with altitudes from 100 to 1600 m a.s.l. and includes the Transcarpathian lowland (100-200 m), lower mountain (200-400 m), middle mountain (400-800 m), upper mountain (800-1200 m), and subalpine (1100-1600) zones with geologically old soils (Bihun, 2005) . The highest mountain is Stoy, with altitude of 1681 m. The bedrock is largely dominated by sandstone and shale (Denisiuk, Stoyko, 2000; Augustyn, 2004) , but some andesite-basalts occur in the southwest of the study area (Herenchuk, 1981) . The mountain part of Latorica river basin is characterised by brown mountain-forest stony soils in complex with clay their types, rare by sod-burozem and mountain-meadow soils. The plain part is characterised by sod-podzolic loam soils and clay their types, rare by meadow soils. The foothills part is characterised by burozem-podzolic soils and clay their types (National Atlas of Ukraine, 2008) .
Agricultural lands cover 31% of the total territory of the river basin and 67% is covered with forests. Climate is mild, with annual average temperature of 9.3 °C and annual precipitation of 752 mm in the lowland, and 6.5 °C and 998 mm in the mountain zones, respectively (Herenchuk, 1981) .
Selection and analyses of sampling sites
The study sites were pre-selected according to a subjective estimation of their degradation status by evaluation of human impact effect on changes in species composition. The pre-selection was then evaluated during field trips yielding the final set of sample sites. According to this evaluation, the following habitat types have been determined in the Latorica river basin of Ukrainian Carpathian Mountains (Figs 2, 3): •
In subalpine zone (1100-1600 m a.s.l.): 1.
Natural subalpine meadows (MS) are characterised by the lowest anthropogenic transformation; the vegetation cover is undestroyed, and species composition is rich and diverse. Cutko, 2009 ). The terrain of study sites is flat (0°-10°) or sloping (10°-40°) and the altitude varies from 188 to 1677 m (Fig. 1) . The description of each plot includes geographical coordinates, altitude, aspect, inclination, percentage cover of vascular plants, cryptogams, stones, bare ground and litter, vegetation height of trees, shrubs, grasses and herbs. Data sampling was performed in July and August of 2012.
Data analysis
The ecological indicator values considering the native plant species presence in study sites have been determined according to methods of Didukh (2011) . Indicator values are based on ecological scales. The units in these scales are grades. The reflect amplitude characteristics of species, specified and evaluated based on field data. The ecological indexes include: soil humidity (Hd = 23 grades), variability of damping (fH = 11 grades), acidity (Rc = 15 grades), total salt regime (Sl = 19 grades), carbonate content in soil (Ca =13 grades), nitrogen content (Nt =11 grades), aeration of soil (Ae =15 grades), temperature regime (Tm =17 grades), humidity (Om =23 grades), continentality (Kn =17 grades), cryo-climate (Cr = 15 grades) and light in community (Lc = 9 grades). Twelve ecological indices were evaluated using the software package Turboveg for Windows v. 2.98 for each studied site.
Species richness was determined as number of all vascular plant species per sampling plot used to assess species diversity in studied habitat groups. More aspects of diversity are characterised by evenness, which is emphasised by the Shannon-Wiener index (H'= ΣP i ln P i ) called as α diversity (Peet, 1974; Krebs, 1978) , where P is the proportion of individuals that species i contributes to the total i abundance.
Cluster analysis was carried out using single linkage method and Euclidean distance as a similarity measure. Ordination analysis was performed to demonstrate relationships between ecological factors and habitat types. Pearson correlation analysis was used to determine the relationship between environmental factors. The analyses were performed using the software package SPSS Statistics 16.0, PC-ORD 5.33 and Statistica 6.0.
Nomenclature of vascular plants follows Mosyakin and Fedoronchuk (1999) and nomenclature of syntaxa follows Solomakha (2008) .
Results and discussion
Analysis of ecological factors
The distribution of 12 ecological indices among studied sites is presented in Table 1 . In relation to soil humidity (Hd), all studied sites are characterised by mesophytic conditions with very narrow amplitude, corresponding to value range in 11.1-12.5 grades [amplitude (Δ) = 1.4]. The lowest soil humidity values were found in secondary hay meadow (Mh), and the highest -in degraded subalpine meadow (MSr). Therefore, this index varies depending on amount of precipitation along the altitude gradient. Thus, the humidity in the Carpathians is not a differentiating factor for forest communities. This is also confirmed by the fact that communities are characterised by a narrow range of soil aeration (Ae), 6.1-7.8 grades (Δ = 1.7), which correlates with soil humidity (Table 2 ). The sites FB-Csn, FBm, FB-Cd, Mp [FB-C], Mp [FB], Mh and R are characterised by sub-aerophiles plant communities (50-80%), and sites FB-Cn, FBn, MS, FS, MSr and MSf -by hemi-aerophobes (35-50%). In this case, the lowest values were found in the pasture sites in condition of soil compaction, and the highest -in subalpine forests. In general indices of soil aeration have been reduced in sites under anthropogenic pressure, which is known to cause soil compaction.
The indices of variability of damping (fH) are described by wider amplitude from 3.7 to 7.3 grades (∆ = 3.6). In particular, sites FB-Cn, FBn, MS, FS, FB-Csn, FBm are characterised The lowest values of variability of damping were defined in natural beech-coniferous forests, and the highest -in secondary pasture meadows which were formed in place of beech-coniferous forests. Therefore, the variability of damping increases under the influence of anthropogenic factors and pasture due to intensive evaporation processes, which indicate an important stabilising role of forest communities in the regulation of soil moisture. The indices of soil acidity (Rc) in studied sites vary widely: 3.9-8.0 grades (∆ = 4.1), which corresponds to pH = 4.0-7.0, from acidic to neutral soils. The chemical properties of soil determine species differentiation in plant communities. In particular, subalpine habitats MS, FS and MSf are characterised by the most acid per-acidophile communities, the sites of beech-coniferous and partly beech forest and secondary meadow communities in their place (FB-Cn, FB-Csn, FBsn, FB-Cd, Mp [FB-C], Mp [FB], MSr and R) are characterised by acidophiles, and beech forests (FBn, FBm, Mh) -by sub-acidophiles. The highest values of soil acidity were defined for subalpine forests, and the lowest (neutral soil reaction) -for natural beech forests. In general, soil acidity decreases with altitude.
A similar regularity was defined for total salt regime (Sl). According to this index, studied ecosystems are also characterised by a rather wide amplitude, from 4.7 to 8. The humidity (Om) reflects aridity-humidity of climate, or relation between precipitation and evaporation. Humidity indices increase along the altitude gradient from 11.7 to 14.3 grades (∆ = 2.6). The sites of middle zone Mp [FB] , FBsn, FB-Cd, Mp [FB-C], Mh and R are characterised by sub-aridophyte communities, where the level of precipitation is greater than evaporation. FB-Cn, FBn, FB-Csn, FBm, MS, FS, MSr and MSf sites are characterised by sub-ombrophyte coenosis, which reflects mountainous conditions. The lowest indices of humidity are observed in ruderal habitats, while the highest -in natural and semi-natural beech-coniferous forests.
The indices of continentality (Kn), which reflect ocean and land effect on climate, are characterised by narrow amplitude from 6.9 to 8.5 grades (∆ = 1.6), typical for hemi-oceanic (110%-125%) conditions. The lowest indices of continentality are defined in natural and semi-natural beech-coniferous forests, and the highest -in ruderal habitats.
Indices of cryo-climate (Cr), which reflect average winter temperature of soil, are characterised by amplitude in 7.1-9.1 grades (∆ = 2.3) in the studied sites. Thus negative average winter temperature varies between -2 and -14°С. The warmest winters (hemi-cryophytes) are recorded in natural and modified beech forests, and the coldest (sub-cryophytes) -in all other studied sites with minimum in subalpine zone. Quantitative cryo-climate indices change not only with altitude, but also with gradients of anthropogenic impact.
The indices of light in community (Lc) vary in amplitude from 3.7 to 7.4 grades (∆ = 3.7). The forest communities FB-Cn, FBn and FBm are characterised by scyophytes, the sites of degraded forests MS, FS, FB-Csn, FBsn, FB-Cd, MSf -by hemi-scyophytes, and meadow and ruderal habitats Mp [FB-C], Mp [FB], Mh, MSr and R -by sub-heliophytes. The lowest indices of light in community are defined in natural and modified beech forests, and the highest -in pasture and hay meadows.
The relation between environmental factors was defined based on correlation analysis (Table 2 ). In particular, the high linear correlation (>0.7) was detected between soil humidity (Hd) and aeration (Ae), between acidity (Rc), salt regime (Sl), carbonate content (Ca) and nitrogen content (Nt) in soil, which also correlate with indices of temperature regime (Tm) and cryo-climate (Cr, Fig. 4 ). The negative correlation was detected between humidity (Om) and above mentioned factors. The correlation between main environmental factors and their influence on plant communities' distribution are presented in Fig. 4 .
The scatterplots reflect relationship between environmental factors. In particular, differences in distribution between forest and meadow sites as well as altitude differentiation, become apparent when plotted in the coordinates of the soil acidity and salt regime (Rc/Sl). In mountain forest zone, all forest sites are characterised by average degree of salinization in neutral or slightly alkaline reaction of soil solution, and meadow sites -by increasing of salt regime in the same reaction of soil solution. The scatterplot of salt regime and carbonate content in soil (Sl/Ca) reflects the similar tendency regarding differences between Fig. 4 . Scatterplots between main environmental factors with high correlation. meadow and forest communities, but altitude distribution is less represented. Between indices of soil acidity and carbonate content (Rc/ Ca) linear correlation is observed: while carbonate content in soil increases, the reaction of soil solution changes from acid to neutral. All studied sites in these coordinates of environmental factors are distributed along the altitude gradient, however the difference between forest and meadow communities was not as pronounced. The similar tendency was observed for distribution of plant communities in coordinates of soil acidity and nitrogen content (Rc/Nt), soil aeration and humidity (Ae/Hd), cryo-climate and temperature regime (Cr/Tm).
Between indices of variability of damping and humidity (fH/Om), variability of damping and light in community (Lc/fH) negative correlations were detected. The differentiation between forest and meadow communities is observed in regards to these indices: the forests are characterised by wet conditions, while soil moisture is constant, and, on the contrary, meadow communities are characterised by lower indices of humidity while variability of damping increases. The forest communities are characterised by evaporation decreasing at lower indices of light, while in meadow communities, conversely, the light increase with increase in indices of variability of damping. However, a clear differentiation of data on environmental factors along the altitude gradient was not established. Detrended correspondence analysis (DCA) ordination revealed correlation between species percentage cover data and sample plots characters based on 12 ecological indicators, altitude, exposition and slope (Fig. 5) . In subalpine zone (Fig. 5A) , the natural MS and FS plots are clustered mainly in left segment of first axis area with environmental indicator of slope and exposition and humidity (Om). The MSf plots are located in the middle of ordination axes. The MSr plots are concentrated in right part of first axis with environmental indicator of Ca, Rc, Sl, Tm, Lc and Fh. In beech-coniferous subzone (Fig. 5B) (Fig. 5A) . The similar tendency is observed for Shannon-Wiener index (Fig. 5B) . The species richness and Shannon-Wiener index are lower in forest sites and increase in meadow communities, but high anthropogenic disturbances reduce these indices. Species richness in forest communities are two times lower than in meadow communities, which can be explained by presence of tree species and canopy openness affecting herb layer. Under the anthropogenic pressure the ratio between different plant groups can be changed (Fig.  6 ). In particular, the rare plant species are observed in sites MS, FB-Cd, FBn and Mh. The rare species were also found in Msr, MSf, FS, FB-Cn, FB-Csn, FBm and FBsn sites, but their numbers per plot are lower. Rare species were absent in pasture and ruderal habitats. Instead, alien species were present in FB-Cd, Mp[FB-C], FBsn, Mh and Mp [FB] sites. Ruderal habitats had the highest number of non-native species.
Comparison of studied habitats
The relationships between vegetation types were reflected in the dendrogram of a hierarchical cluster analysis using Euclidean Distance, which reflects the similarity of studied vegetation types (Fig. 7) . Vegetation types in the dendrogram were clustered into five main groups. The first cluster includes natural beechconiferous, natural and modified beech forests FB-Cn, FBn and FBm. The second cluster contains degraded forest sites and secondary meadow communities FB-Csn, FBsn, Mp [FB] , Mh, Mp[FB-C] and FB-Cd, and the third -subalpine meadow communities MS, MSd and MSf (Fig. 8) . The two separate clusters are formed by ruderal habitats (R) and subalpine forests (FS). This illustrates that different types of anthropogenic pressure influence coenosis structure changing their organisation and function. Apart from it, ecosystems of subalpine zone qualitatively differ from ecosystems of forest zones, and anthropogenic changes have different consequences in different altitude zones.
Discussion and conclusion
Our study revealed the quantitative changes in environmental conditions depending on altitude and anthropogenic disturbances. Along altitude gradient, increase in indices of soil humidity (Hm), aeration (Ae) and humidity (Om), and decrease in soil acidity (Rc), salt regime (Sl), nitrogen content (Nt) and temperature regime (Tm) were observed. Under anthropogenic pressure, the indices of variability of damping (fH), temperature regime (Tm) and light in community (Lc) increase, while soil aeration (Ae) and humidity (Om) decrease. Positive and negative correlations are established between environmental indices which determine the distribution of vegetation types, in particular differentiation between meadow and forest communities, as well as altitude differentiation.
The Shannon-Wiener index and species richness are important indicators of ecosystem changes. There are three key determinants of plant species diversity: competitive exclusion, disturbance processes and environmental heterogeneity (Connell, 1978; Peterson, Reich, 2008) . Our findings in agreement with the disturbance hypothesis of Connell (1978) and Huston (1979) reveals: the highest species richness is expected in habitats with 'intermediate' disturbance level. Biodiversity indices varied among studied sites.
Habitat degradation and fragmentation facilitates distribution of invasive species in native coenoses while causing disappearance of native rare species.
Furthermore, presence of tree species and their canopy openness affects the spread of invasive species. The non-native species have not been observed in natural and in modified forests, as overstorey tree species create different understorey environmental conditions (Emery, Gross, 2006; Godefroid et al., 2005; Knight et al., 2008; Parrotta, 1995) . Alien species are not distributed in high mountain zones, the specific conditions of which become a barrier to their distribution.
Therefore, anthropogenic pressure and altitude gradient influence indices of edaphic and climate conditions. However, anthropogenic pressure affects biodiversity. The highest species richness and Shannon-Wiener index are observed in habitats with 'intermediate' disturbances level (hay meadows, semi-natural forests), while high level of disturbances cause decrease in biodiversity (ruderal and pasture habitats, habitats under recreation pressure). The disturbances cause the ecosystem to become susceptible to invasion of alien species, while native species, especially rare, become vulnerable and can disappear.
Results of these studies are important for the development of nature conservation programmes, and also for prediction of ecosystem changes under anthropogenic disturbances and natural changes (in particular, climate).
